Recent results on diffraction at HERA, as measured by the H1 and ZEUS collaborations, are reviewed. Results on the photon-proton total hadronic cross section, on vector meson production both at small and large photon virtuality and on photon diffraction are presented. The experimental signature of diffraction at HERA, as well as the selection methods used by the two collaborations are explained.
Introduction
Photon-proton collisions have been extensively studied in fixed target experiments up to centre of mass energies, W γp , of about 20 GeV, using both real and virtual photons. At the HERA collider at DESY, 820 GeV protons collide with 27.5 GeV electrons or positrons. The HERA physics program is very rich, ranging from nonperturbative to perturbative QCD, heavy-flavour physics and to the measurement of the quark and gluon densities in the proton and in the photon. Two general purpose detectors, H1
1 and ZEUS 2 , operate at HERA and are instrumented with high resolution calorimeters and tracking chambers.
The results presented here have been obtained using data collected during 1994
and 1995, for a total of about 9 pb −1 . More detailed presentations on individual subjects can be found in many proceedings 3 .
Diffraction and total cross section
Historically, hadronic diffraction processes and total cross sections have been described using the concept of 'pomeron exchange'. The simplest way to introduce the concept of pomeron is within the framework of Regge theory 4, 5 . Consider the example shown in Fig. 1 : π − p → π o n where t is the 4-momentum transfer.
According to quantum numbers conservation, this reaction might happen via the exchange of a virtual ρ 0 , a 2 , g hadron. If the values of the masses and spins of these particles are plotted on the right hand side of the spin-t plane (where t is positive), they lie almost on a straight line determining a 'trajectory' of particles.
The general expression for a straight line trajectory is:
where α(0) is the intercept and α ′ the slope. The most important trajectories are approximately linear with a universal slope α ′ = 0.9 GeV 2 ; the first particle on a trajectory gives the name to the trajectory itself (in the above example the ρ trajectory is exchanged). Regge theory predicts that the properties of a tchannel reaction (that happens on the left hand side of the spin-t plane, where t is negative, via the exchange of off mass shell particles), π − p → π o n for example, are determined by the parameters of the trajectory formed by the exchanged particles on the right hand side of the spin-t plane (the ρ trajectory in the case above). Let's consider the dependence of the total cross section (a t-channel process)
with the square of the centre of mass energy s. According to Regge theory it is parametrized as:
where α k (0) = 1, ..n, are the intercepts of the trajectories exchanged. Using only two main trajectories, σ tot (s) for pp, pp, K ± p, π ± p, γp have been fitted by Donnachie and Landshoff 6 with an expression of the form: At high enough energy, only the pomeron term is important. The pomeron, identified as the first particle of the pomeron trajectory, is responsible for the rise of the total cross section as a function of the centre of mass energy. Since the bulk of the processes contributing to the total cross section has very small p t , the pomeron exchanged in these reactions is called 'soft pomeron'. The soft pomeron trajectory has intercept α I P (0) ≃ 1.08 and slope α ′ ≃ 0.25 GeV 2 . 
Total cross section at HERA
The values of the total hadronic γp cross section at HERA as measured by the The diffractive cross section represents a large fraction of the total cross section: at HERA, for example, the diffractive and non diffractive parts are, according to the H1 collaboration 7 , σ represents the fraction of the proton longitudinal momentum carried by the struck quark. In the proton rest frame, y = Q 2 /(sx Bj ) equals the fraction of the electron energy transferred to the proton.
In addition, diffractive events are described by the following variables: t, the square of the four-momentum transfer at the proton vertex and x I P , the momen-tum fraction of the pomeron in the proton. If the reaction is elastic or single diffractive (or photon diffraction as sometimes single diffraction is called for the HERA regime), then the quantities t and x I P can be determined either from the scattered proton or from the system M X .
If the longitudinal and transverse momentum of the scattered proton, p ′ z , p ′ ⊥ , are measured, then x I P and t are calculated as:
where m p is the proton mass. If the proton is not observed, a measurement of x I P can be obtained as:
where M X is the mass of the system X. t can be reconstructed from the system X only for some exclusive reactions, such as vector meson production, where the resolution on p ′ ⊥ is accurate enough.
Experimental signature of diffraction at HERA
One of the main issues concerning diffraction at HERA is the experimental method to separate diffractive from non-diffractive events. For some exclusive reactions the distinction is actually quite easy. Let's consider for example exclusive ρ 0 production and decay:
The central detector is empty, except for the two tracks coming from the ρ 0 decay.
This topology is very unusual and the background from 'non-pomeron' exchange is negligible. Inclusive γ diffraction, γp → Xp, is on the other hand more difficult to identify. Two quantities can help in the distinction: a rapidity gap in the final state particles production and/or the presence of a highly energetic scattered proton. groups of particles can be identified: particles produced at high rapidity in the hadronization of the proton remnant, and particles produced in the hadronization of the photon-parton system, typically at small or negative rapidity. In deep inelastic scattering, for example, the struck parton is deflected and emerges from the proton remnant at an angle θ q . It is useful to express this angle as the difference in pseudorapidity between the struck parton and the proton remnant:
Rapidity
Since the pseudorapidity interval covered by a system with centre of mass energy √ s is given by:
with m p the proton mass, then we can show that the pseudorapidity interval between the proton remnant and the struck quark is:
where ln(
) is the total rapidity covered by the γ-p system and ln(
) is the amount covered by the γ -struck quark system.
Due to the colour string connecting the struck parton and the proton remnant the rapidity gap ∆η is filled with particles in the hadronization process. In particular as x Bj decreases, the average hadron multiplicity < n h > increases faster than the pseudorapidity interval ∆η making it less and less likely for rapidity gaps to be visible 13 . If we assume the produced hadrons to fill the rapidity gap according to a Poisson distribution, the probability w gap to have no particles in the gap ∆η has the form:
This expression means that rapidity gaps between the proton fragments and the jet produced by the struck quark are exponentially suppressed.
For Reggeon or Pomeron exchange, Fig. 6 , the probability to have a rapidity gap ∆η depends on the intercept of the exchanged trajectory 14 : IP exchange:
Therefore, even though ρ, π and IP are colourless exchanges, only IP exchange produces rapidity gaps that are not suppressed as the gap width increases. It is therefore possible to operationally define diffraction 15 by the presence of a rapidity gap: diffractive events are those which lead to a large rapidity gap in final state phase space and are not exponentially suppressed as a function of the gap width.
Leading proton in the final state
In diffractive events, the incoming beam particles, when they do not dissociate, conserve a large fraction of their initial momentum. At HERA the diffractively scattered proton carries on average more than 99% of its initial momentum. The cross sections for non diffractive processes to produce so energetic protons is very small compared with the diffractive cross section making the detection of a high energy proton a clean tag for diffractive physics. In the transverse plane, leading protons have rather small momentum, with a typical p 2 ⊥ distribution of the form: dN dp 
and describe deep inelastic γ * p and γ * IP interactions in the same way: the incoming γ * interacts with one component of the target leaving behind a remnant. For γ * IP interaction the scaling variable that plays the same role of x Bj is:
The γ * IP cross section can then be written as:
where F IP 2 (Q 2 , β) is the pomeron structure function; ie, the probability for finding a quark of fractional momentum β in the pomeron.
-Factorization breaking and effective pomeron structure function:
The diffractive ep interaction is viewed as photon diffractive dissociation on the proton (some examples are given in [20] [21] [22] [23] [24] In this picture, the interaction of thestate generates a different value of α I P than the interaction of the qqg state 25 with an effective α I P increasing at small Conversely, if r 2 ⊥ is small either because k
(production of charm or bottompair) is large, then the gluon-quark coupling is small and pQCD can be applied.
-Soft color interaction: in this model 28 , diffractive scattering is viewed as dominated by the exchange of one 'hard' gluon plus non-perturbative color interactions to allow a color singlet final state.
Vector meson production: γp →Vp
In the range of centre of mass energy W γp up to 20 GeV covered by pre-HERA experiments, this process has been described very successfully within the framework of Vector Dominance Model (VDM) 29 . In this model, the photon is assumed to fluctuate into a virtual vector meson which then interacts elastically with the proton via the exchange of a pomeron, Fig. 9 (a). From VDM one expects:
where f 2 V /4π is the photon-vector meson coupling constant, which expresses the fact that the γp cross section should behave as an hadronic cross section.
Since vector meson production represents the elastic part of σ γp tot , we can use the optical theorem to relate the two cross sections at t = 0 GeV 2 :
( dσ
with A=constant. Then we can express the elastic cross section at any t value as:
where f(t) is the functional dependence of the cross section on t. For vector meson production, according to Regge theory, f(t) can be written as:
where b 0 and W 2 0 are parameters. Using eq.15 into eq.14, integrating over t and writing explicitly the dependence from the centre of mass energy W γp , we obtain:
It is very important to note that this reasoning is based on the assumption, supported by pre-HERA data, that the same underlying exchange governs both the total and vector meson cross section.
Recent papers [30] [31] [32] have shown that the situation at HERA, given the large value of W γp , might be qualitatively different if a hard scale is present in the interaction. Under these circumstances, the process is calculable in QCD. The approach outlined in Section (6) The pQCD approach has been used to calculate the magnitude and energy dependence of the cross section for photoproduction of J/ψ mesons 30 , where the charm mass ensures a hard scale, and production of ρ 0 mesons at high Q 2 31 . In both cases, thepair resolves the gluonic contents of the proton giving a cross section proportional to the proton gluon distribution squared ‡ :
The energy dependence is therefore no longer determined by the pomeron intercept but by the rise of the gluon distribution at low x Bj . ‡ The square comes trivially from the fact that the pomeron in made of two gluons VM decay mode γp → ρ 0 p ZEUS 14.7 ± 0.4 ± 2.4 10.4 ± 0.6 ± 1.1 0.055 ± 0.028
γp → ρ 0 p H1 9.1 ± 0.9 ± 2.5 10.9 ± 2.4 ± 1.1 -0.11 ± 0.12 experimentally. This mechanism is called 'shrinkage' since as b grows, the area underneath the curve e b·t decreases considering a fixed intercept.
As the experimental results become more precise, it is possible to look for deviations from the pure exponential behaviour dσ/dt ∼ e bt of the t distribution.
An exponential with a quadratic term 53 seems to give a good representation of the t dependence for the elastic cross section of many hadronic reactions:
where c is called 'curvature'. The local slope parameter, defined as:
is a decreasing function of t. An example is given in Fig. 12 for the case of the first diffractive cross section measurement at HERA in which the forward scattered proton is detected and its momentum measured. This makes possible a direct determination of the squared four-momentum t exchanged at the proton vertex.
The LPS consists of silicon µ-strip detectors placed close to the proton beam by means of rentrant Roman pots and detects forward going protons scattered at angles ≤1 mrad. The momentum of the proton is measured using the elements (quadrupoles and dipoles) of the proton beam line, and it is reconstructed with a resolution of ∆p/p ≃0.3% at p ≃ 820 GeV/c. The total systematic error on the measurement of b in this analysis is 11%, the main source being the uncertainty on the acceptance (∼ 7%), and the uncertainty coming from the unfolding of the beam transverse momentum spread (∼ 7%). It should be noted that the uncertainty coming from the proton dissociation background is negligible, when compared to analyses which do not make use of the LPS: for LPS tagged events the contamination has been estimated to be 0.21 ± 0.15% while a previous ZEUS result estimated the contamination to be 11 ± 6%.
Tagging with the LPS a leading proton with a value of x L <0.97 has also allowed to select a clean sample of photoproduction double diffractive ρ 0 events, γp → ρ 0 X.
Using the transverse momentum from the decay pions, the slope parameter b has been determined to be b γp→ρ 0 X LPS = 5.3 ± 0.8 ± 1.1 GeV −2 . Fig. 13 and Table 3 show the results for both single and double diffraction. 
Vector meson production with a hard scale
In contrast to the previous results, the cross sections for J/ψ photoproduction and light vector meson production at high Q 2 show a significant rise with W γp .
In particular, for the J/ψ case the rise is clearly visible within the range of HERA data while for the light vector mesons the rise is observed in comparison with lower energy data. Fig. 11 and Fig. 14 show the effect for the J/ψ and ρ 0 case.
The rise is inconsistent with the W
0.22
γp dependence used in the parametrizations of low energy hadronic data. The measured behaviour can be described instead by perturbative QCD models if a rise at small x Bj of the gluon momentum density in the proton is assumed. Both the shape of the rise and the normalisation could in principle be used to discriminate between models of the gluon distributions but since the latter suffers from large theoretical uncertainty, only the shape is used. These results show that the cross section for vector meson production in the presence of a hard scale has a steeper energy dependence than the total hadronic γp cross section. 
4-5 GeV
which has a much too steep dependence with Q 2 . A new approach 33 , based on the parton-hadron duality, couples the rise with Q 2 to the gluon distribution anomalous dimension γ: Since γ decreases with Q 2 , a less steep dependence is obtained that seems to fit the data quite well. Within the current experimental accuracy, R does not seem to depend on W γp . 
Determination of α
[cc] 2 = 9 : 1 : 2 : 8.
Besides, QCD dynamics predicts a slow increase of the relative yield of heavy flavour production at small x Bj which modifies the pure SU(4) prediction:
ρ : ω : φ : J/Ψ = 9 : (1 * 0.8) : (2 * 1.2) : (8 * 3.5).
The HERA results are shown in Fig. 19 : at Q 2 ∼ 0. GeV 2 , SU(4) symmetry is badly broken, with a suppression factor ≃ 4 for φ-mesons and ≃ 25 for J/ψ-mesons while at large Q 2 there is a dramatic increase of both the φ and J/Ψ cross section compared to ρ 0 meson production. This increase is therefore another indication that the SU(4) symmetry, and therefore perturbative QCD, can be used in these processes at large Q 2 .
Cross section ratios between excited and ground states for a meson are also very important quantities because they depend on the internal dynamics of thewavefunction and can help to determine it. First preliminary results from the H1 collaboration 50, 51 , in agreement with the expectation of 55 , are:
Photon diffraction: γp →X Y
Single and double photon diffraction include all pomeron mediated reactions of the kind:
where X is not a vector meson and Y is either a proton or an excited state. These reactions can be divided into two large groups depending on whether a hard scale is present in the scattering process. at different values of the photon virtuality Q 2 (indicated by the number in parenthesis).
Maximum pseudorapidity η max (ZEUS,H1)
At HERA, following the first papers on the subject 58,68 , a cut on the pseudorapidity of the most forward ¶ energy deposit in an event has been used to separate diffractive from non diffractive events. This cut selects as diffractive events all those events whose most forward energy deposit has a rapidity less than 1.5, equivalent to require a visible rapidity gap of at least 2.9 unit in the forward direction (ZEUS case). This cut, however, puts strong limitations on the type of events that are selected since it reduces the pseudorapidity interval available for the fragmentation of the system M X to ∆η ≃ 4.5 -5.5. Since a system with mass M X covers a pseudorapidity interval ∆η ≃ ln(
) with m p the proton mass, only masses up to M X ∼ 10-15 GeV are therefore selected.
Largest rapidity gap (H1)
For each event, the largest rapidity gap is identified, Fig. 20 . This gap defines two systems, X and Y with masses M X and M Y . If: ¶ As it was said before, in the HERA convention the proton travels along the z-axis in the positive direction
the event is accepted in the diffractive sample. This selection is based on the H1 detector ability of measuring hadronic activity up to η ∼ 3.4 ⇒ x I P < 0.05 and vetoing activity in the region 3.4 < η < 7.5 ⇒ M Y < 1.6 GeV.
The requirement a) ensures that only a small fraction of the initial proton longitudinal momentum is present in the detector while b) forces the existence of a rapidity gap in the final state. It is important to notice that this selection criterium does not make any assumption on the nature of the interaction but defines a cross section for all events that are selected by a) and b). 
Leading proton measurement (ZEUS LPS)
The cleanest way to identify diffractive events is to tag a scattered proton with a very high fraction x L of the initial proton momentum. From the leading proton momentum, both t and the hadronic mass M X can be computed: non diffractive events becomes unclear. From a fit to the x L spectrum in pp scattering 60 , the value x L ∼ 0.9 has been used to identify the point where the pomeron and non pomeron contributions are roughly of the same magnitude. The ZEUS collaboration, in order to select a very pure diffractive sample, decided to use only protons with x L > 0.97, well within the diffractive peak. Unfortunately, due to the limited LPS acceptance, the number of events with a tagged leading proton is small. Note that the LPS acceptance, at x L >0.95, starts at t ∼ 0.07GeV 2 .
Ln(M X ) distribution (ZEUS MX)
This method (27) while diffractive events have a constant value in the ln M
The diffractive sample is therefore defined as the excess contribution in the ln M 
Determination of α I P and test of factorization
The assumption of factorization implies that the pomeron structure is independent of the process of emission and that the pomeron flux is the same in all diffractive processes. Its dependence on α I P is given by:
with a = 2α I P (0) − 1. If factorization holds, the same value of α I P (0) ≃ 1.08 measured in many hadronic reactions should also control the pomeron flux at HERA. 
Collaboration M X interval [ GeV ]
α I P (0) ZEUS 8 < M X < 24 1.14 ± 0.04 (stat) ± 0.08 (syst) H1 3 < M X < 24 1.11 ± 0.02 (stat) ± 0.07 (syst) 
Determination of α
The value of α I P (0), as shown in Section 2, can be measured directly from the behaviour of σ γp tot (W) as a function of the centre of mass energy W γp . Results from both the H1 and ZEUS collaborations are consistent with a value of α I P (0) ≃
(see Section (2)).
A second method to determine α I P (0) is based on the behaviour of the differential cross section
as calculated in the Regge formalism for the triple pomeron diagram:
In Tab.4, the results from the H1 61 and ZEUS 62 collaborations are presented. Both results suggest a value for α I P (0) consistent with Regge phenomenology as already indicated by σ γp tot (W) and support the hypothesis that the same 'soft Pomeron' used to describe the high energy behaviour of hadron-hadron scattering is also responsible for diffractive photoproduction at HERA.
Determination of α
At large Q 2 , by analogy with standard deep inelastic scattering, the differential cross section for deep inelastic diffractive scattering can be written as:
Using now the assumption that factorization is valid, the t and x I P dependence can be separated from the dependence on β and Q 2 :
Integrating the pomeron flux over t and writing the dependence on x I P explicitly,
Following eq. 32,33, the determination of the DIS diffractive cross section in x I P bins provides a method to measure α I P as a function of Q 2 and β and to test whether factorization holds.
H1 determination of α I P Fig. 25 shows the quantity
(β, Q 2 ) for different Q 2 and β bins as a function of x I P . The data 64 were fitted with the function:
in each β or Q 2 interval. The points clearly show a change in slope going from low to high values of β while no dependence is seen with Q 2 , Fig. 24 . This analysis, therefore, shows that there is a change in the value of n as a function of x I P and β.
This experimental factorization breaking, however, does not uniquely indicate a change in the pomeron flux but it might also be explained in terms of a presence in the data of a 'non-pomeron' component. If a fit using a meson and a pomeron component is performed, Fig.25 , To check consistency between results obtained with this method and a previous H1 analysis 68 , the measurement of α I P using a single component has been performed also over the same kinematical range used in 68 , obtaining a result that is compatible within statistical errors with the old one. 
ZEUS LPS determination of α I P
The diffractive structure function F
(β, Q 2 , x I P ) was determined using LPS tagged events 65 in the range 4< Q 2 <30 GeV 2 , 0.006< β < 0.5, < Q 2 >= 12 GeV 2 , 4 · 10 −4 < x I P < 3 · 10 −2 and 0.07 < |t| < 0.36 GeV 2 , extending the range to lower β and higher x I P compared to previous ZEUS measurements (Fig. 26) .
The results are consistent with factorizable x I P dependence in all β bins. Fitting the highest 3 β bins with the same exponent gives a= 1.28 ± 0.07 (stat.) ± 0.15 (syst.) and therefore:
α I P LPS = 1.14 ± 0.04 (stat.) ± 0.08 (syst).
ZEUS 94 PRELIMINARY
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ZEUS Mx determination of α I P
The determination of α I P can also be achieved by fitting the energy dependence of the cross section in bins of M X 59 . In a Regge -type description 66, 67 , the W γp dependence of the diffractive cross section is of the form
where α I P (t) = α I P (0) + α 
allowing a determination of α I P . Howewer, the result obtained with this method is currently under further investigation and is shown only for completeness :
Comparison of the results
In order to compare results obtained at Q 2 ∼ 0 GeV with results obtained al large Integrating over t eq.34, the expression for the cross section is:
If α
and, comparing this expression with eq.35, we obtain α I P = α I P (0).
On the other hand, if α
, then two effects change the slope of the W γp dependence:
1) The denominator of eq.36 is a slowly rising function of W γp and therefore causes α I P to be smaller than α I P . This effect has been extimated, for α In the preliminary analysis of the ZEUS 94 data on the diffractive DIS cross-sections a technical mistake has been found in the generation of the Monte Carlo data used for the acceptance correction and resolution unfolding. This mistake led to the mishandling of QED radiative corrections. Its effect is to change the cross sections by typically one systematic error. The ZEUS collaboration thus has retracted their 1994 preliminary results until further analysis is completed and the effect on the above value of α IP MX is currently under study.
2) If the t range is limited, the last term of eq.36 is a decreasing function of W γp , causing α I P to be smaller than α I P . For the ZEUS LPS analysis, where |t min | = 0.07 GeV 2 , a value of α It is possible that the difference in value between α I P Q 2 =0 (0) and α I P Q 2 >0 (0) is a signal for the presence of a small 'hard' pomeron component in the diffractive sample at high Q 2 . How to measure it, its magnitude and how to enhance it choosing particular final states (for example see 70, 71 ) is currently under intense theoretical investigation. Note also that the above comparison is done among measurements performed on different t and x I P ranges. (Q 2 , β, x I P ) over the measured x I P range and the result interpreted as the deep inelastic structure of the exchanged object averaged over t and x I P :
The QCD analysis is performed fitting the data using a flavour singlet quark and gluon distribution (u +ū + d +d + s +s + gluon) at a starting scale Q 
Jet structure
The question of the constituent content of the pomeron can also be addressed via measurements of diffractively produced jets, both in photoproduction 73, 74 and DIS 75 . The ZEUS collaboration studied the diffractive dijet cross section:
γp −→ jet + jet + X + p and compared its magnitude and shape with different model predictions based on a factorizable model of pomeron. To ensure diffractive production, a gap in the most forward part of the detector of at least 2.9 unit was required.
The following Pomeron fractional momentum densities were used in the MC:
Super-hard gluon: βf g/I P (β) = Hard gluon: βf g/I P (β) = 6β(1 − β) , < β >= 1/2
Hard-quark (2 flavours): βf q/I P (β) = and therefore becomes negligible as Q 2 increases. Photon diffraction seems to decrease going from Q 2 = 0 to 10 GeV 2 while it stays flat as a function of Q 2 at large Q 2 indicating that diffraction is a leading twist mechanism. It will be very interesting to have more accurate data to see if this decrease, assuming that it is actually confirmed, happens at the same Q 2 values where pQCD starts to be applicable, indicating a change in the nature of the γp diffractive interaction. 
Central rapidity gaps
In high energy hadronic collisions, the dominant mechanism for jet production is a hard scatter between partons in the incoming hadrons via a quark or gluon propagator. Such jets are said to be 'colour connected' and this leads to the production of particles throughout the rapidity region between the jets. However, if the hard scattering were mediated by the exchange of a colour singlet propagator in the t-channel, each jet would be colour connected only to the beam remnant closest in rapidity and the rapidity region between the jets would contain few final-state particles 78 , Fig. 33 At HERA an equivalent mechanism is possible, with the hadronic fluctuation of the photon acting as one of the hadrons. In order to quantify the rapidity gap events, a gap-fraction, f(∆η), is defined as the ratio of the number of dijet events which have a rapidity gap of width ∆η between the jets to the total number of dijet events. As explained above, for colour non-singlet exchange, the gap-fraction is expected to fall exponentially with increasing ∆η while for colour singlet exchange, the gap-fraction is not expected to depend strongly upon ∆η.
15,81
The situation is illustrated in Fig. 33(d) . 
Conclusions
Diffraction at HERA has provided many measurements in both the soft and perturbative domains.
-The rise of the total γp cross section has been measured to be weak, consistent with the exchange of the same 'soft' pomeron responsible for the rise with energy of hadronic reactions.
-Diffractive photoproduction is also governed by soft pomeron exchange: a value of α I P (0) ≃ 1.11 − 1.14 has been measured from the mass spectrum of the dissociated photon in the triple pomeron regime. -Photon diffraction at large Q 2 shows a value of α I P only slightly higher than the values obtained in photoproduction, indicating that the same mechanism used to explain photoproduction processes can be used to explain a large fraction of diffractive dissociation at high Q 2 . The partonic structure of the pomeron has been measured and found to be dominated by hard gluons. Factorization has been found to be valid within the current sensitivity and measurements range.
